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weed species or pressure has little effect on the competitive rank of soybean genotypes, then the highest yielding genotypes under weed-free conditions will be the highest yielding and best competitors when interacting with weeds (Grime 1979 ). An alternative hypothesis is that soybean genotypes vary in competitive ability against different weed species. Thus, high yielding genotypes in weed-free conditions may be poor competitors, and competitive genotypes may yield less under weed-free conditions. This hypothesis is supported by the tradeoff theory of competition (Tilman 1990 ).
The tradeoff theory of competition (Tilman 1990 ) has been developed to describe differences in competitive ability among species, and it may apply to differences in competitive ability among crop genotypes as well. The tradeoff theory is based on different species (genotypes) varying in their allocation of resources, causing tradeoffs in competition. For example, soybeans allocate energy towards nodule development. As a result, soybeans require a low nitrogen and high potassium supply to survive. Soybeans are strong competitors under low nitrogen soils and poor competitors in lowpotassium soils. An experiment that investigated grass species competition across a nitrogen gradient documented the tradeoff theory and found that little bluestem [Schizachyrium scoparium (Michx.) Nash-Gould] was a stronger competitor than quackgrass (Elytrigia repens L. Nevski AGRRE) at low nitrogen levels (Tilman and Wedin 1991) . Little bluestem was a stronger competitor for nitrogen than quackgrass, but quackgrass was a superior competitor under high nitrogen conditions because it produced more seeds and rhizomes than little bluestem (Tilman and Wedin 1991).
Plant breeders need quick, accurate measures of weed competitiveness to select competitive genotypes. Rates of soybean seed germination, emergence, and early growth are important in relation to weed competitiveness (Rose et al. 1984) . Determining crop leaf area development combines these factors into 1 measurement that correlates strongly with yield loss (Kropff and Spitters 1991) . Crop canopy area and volume also predicted crop yield loss (Harvey and Wagner 1994) . Leaf expansion rate of soybeans has selected for weed competitive genotypes (Callaway and Forcella 1993) . Canopy area, height, and volume have potential use in plant breeding programs as selection criteria for competitiveness because they are nondestructive and can be measured rapidly.
Objectives of this research were to evaluate weed competitiveness of soybean genotypes across a wide range of weed species and density; to determine if early soybean canopy area, height, and volume could be used as selection criteria in developing weed competitive crops; and to determine if a weed species by soybean genotype interaction will be important in the selection and development of competitive soybean genotypes.
Materials and Methods
There were 2 types of field studies conducted to assess genotype differences in soybean competitive ability. The first assessed the competitive ability of 16 soybean genotypes against 12 weed species. The second evaluated competitiveness of 16 soybean genotypes to different levels and durations of mixed weed stands. Soybean genotypes refer to publicly released soybean lines planted across Minnesota and breeding lines from the University of Minnesota soybean breeding project.
Weed Species
This study evaluated the weed competitiveness of 16 soybean genotypes with 12 weed species. The study was repeated in 1992 and 1993 at the weed nursery at the Minnesota Agricultural Experiment Station at Rosemount. The experimental area was moldboard plowed in the fall and tandem disked and harrowed in the spring to prepare the seedbed. Soil type was a Waukegan silt loam (fine-silty, mixed, mesic Typic Hapludoll) with 59% silt, 22% clay, 19% sand, pH 6.6, and 4.5% organic matter. Weeds have been maintained in monoculture on these field plots for more than a decade to build up the seed bank of individual weed species. The experimental area was not fertilized, but no visible phosphorous or potassium deficiency symptoms appeared in any of the plots.
Experimental design was a randomized complete block with a split-plot treatment arrangement and 3 replications (ohnson 1990; Lentner and Bishop 1986). Whole plots were weed treatments and subplots were soybean genotypes. Soybean canopy area and height was measured 30-45 d after planting (DAP). Canopy area constituted soybean leaf area viewed from directly above the plants. Canopy area was determined by videotaping a representative 0.125-m2 section of the middle 2 rows of each soybean subplot with a video camcorder from 2 m above the soybean plants. Agvision pseudo-color system leaf area analysis2 was used to compute canopy area of soybean from the videotapes. One frame of each replicate was digitized and displayed as grayshaded pixels on a computer monitor, where the image was highlighted so soybean leaves were shaded. A known length was included in video images for accurate calibration. Pixels in the same range of gray as soybean leaves were removed by editing so they would not be included in calculation of soybean canopy area.
Weeds were harvested at physiological maturity from between the middle 2 rows of each subplot, and oven-dry biomass was weighed. The numbers of broadleaf plants were counted when harvested, and grass weed populations were estimated by counting plants in 3 randomly placed 100-cm2 sections per whole plot. Soybeans were harvested from the entire subplot with a plot combine, and seed yields and 100-seed weights were determined. Soybean canopy area and height were measured as previously described, weekly from 2 to 10 wk after soybean emergence in weed-free plots. Seven weeks after emergence, all plots were videotaped, and canopy area was determined as described earlier. Weeds were harvested and counted at physiological maturity from between the middle 2 rows for the entire length of each plot and oven-dry biomass was weighed. Soybeans were harvested with a plot combine from the entire plot, and seed yields and 100 seed weights were determined.
Weed Mixtures and Duration of Competition

Statistical Analysis
Soybean genotypes were analyzed for differences in their ability to suppress weed biomass and maintain soybean yield by analysis of variance (ANOVA). Weed treatments were evaluated for their effect on soybean yield and weed growth. Year and replication effects were considered random, while all other treatment effects were fixed in the ANOVA for both experiments. Means were separated by the least significant difference at the 0.05% level where appropriate. Correlation analyses were conducted to determine the relationship among soybean canopy area, height, and volume vs. soybean yield, soybean yield loss, and weed biomass.
Results and Discussion
Weed Species
This study investigated weed competitiveness of 16 soybean genotypes with 12 weed species. Broadleaf weeds were successfully established and maintained. Grass weed plots consisted of a mixture of grass species. Giant foxtail plots were dominated by giant foxtail. Yellow foxtail, barnyardgrass, and green foxtail plots had relatively uniform mixtures of all 4 grass species. Natural weed mixture plots were 95% grass species and 5% broadleaf. All weed species had relatively high densities during 1992 with respect to previous research on interference in soybeans ( (Table 1) . Weed biomass had a significant year by weed species interaction so data are presented for both years. Limited inferences can be made about the competitiveness of weed species because of varying density among them. In general, broadleaf weed species produced less biomass than grass weed species when competing with soybean. Exceptions to this were common cocklebur and common ragweed in 1993. Common cocklebur, common ragweed, and grass species biomass production were reduced 25-48% by soybean competition in 1993 as compared to 60-92% for other species. Velvetleaf was noticeably stunted across the entire experimental area, resulting in low biomass. This was due to a natural infection of Verticilium wilt (Verticilium spp.) that built up in these plots after decades of monoculture velvetleaf growth.
The 16 soybean genotypes differed in ability to suppress weeds ( were poorer competitors and suppressed weed biomass least in 1992. Heifeng 25 and Grande suppressed weed biomass least in 1993. Further research needs to be done to assess why genotypes differ in their ability to compete with weeds. Soybean yield was analyzed across weed species over years. There were year by weed species and weed species by soybean genotype interactions for soybean yield. Therefore, soybean yield within each weed species is reported separately for 1992 and 1993 (Table 1) . Soybean yields were generally higher in grass weed plots and lower in broadleaf weed plots in 1993 compared to 1992. Natural weed mixture, giant foxtail, and yellow foxtail competition reduced average soybean yields most in 1992, and common cocklebur reduced soybean yield more than 90% in 1993. Highest soybean yields occurred in weed-free, eastern black nightshade, velvetleaf, and common lambsquarters conditions. Regression of average soybean yield on average weed biomass for all weed species (R2 = 0.96 and 0.86 in 1992 and 1993, respectively) showed that for every 100 kg ha-1 of weed biomass, there was a 30 kg ha-1 reduction in soybean seed yield (data not shown).
Yield for each soybean genotype was averaged over less competitive weeds and more competitive weeds and presented for 1992 and 1993 (Table 3) . A weed species by soybean genotype, soybean genotype by year, and soybean genotype by weed species by year interaction occurred when describing soybean seed yield. To describe weed species by soybean genotype interaction, weed species were grouped into more competitive weeds and less competitive weeds, and soybeans were compared for their ability to produce soybean yield within each group. Groupings were based on weed biomass data for each species (Table 1) and configured so that ANOVA interaction terms were no longer significant. Natural weed mixture, yellow foxtail, green foxtail, giant foxtail, barnyardgrass, and common ragweed were combined in the more competitive weed category (Tables 1  and 3 ). Velvetleaf, eastern black nightshade, common lambsquarters, smartweed spp., pigweed spp., and wild mustard were combined in the less competitive weed category. Common cocklebur was not included in these analyses because of highly variable soybean yields over years.
Dawson, Kato, Glenwood, and Kasota were strong competitors against weeds as they suppressed weed biomass most across years (Table 2) and produced high yield when competing with weeds (Table 3) . However, these genotypes yielded less than Lambert and Parker under weed-free or low competitive situations in 1992, and Dawson, Kato, and Glenwood yielded less than Lambert, Parker, and Kasota under low competitive situations in 1993 (Table 3) . Lambert soybean yielded high in weed-free and less competitive conditions, but had lower yields when competing with weeds, particularly in 1992. Lambert also allowed high weed biomass yields during 1992 (Table 2) . Hendricks produced high yields under high weed biomass production relative to other genotypes during 1993, indicating it was more tolerant to weed competition (Tables 2 and 3 ). The competitive results of these genotypes may be explained by a tradeoff between yield potential and competitive ability (Tilman 1990 ). If a tradeoff does exist, selecting for high soybean yield under weed-free conditions would not select for weed competitiveness.
Parker soybean yielded high in weed-free and competitive situations and suppressed weed biomass across years (Tables  2 and 3 canopy area relates to weed competitiveness under tightly controlled conditions in a greenhouse, whereas in the field, conditions were more variable and similar relationships were not detected or may not have existed (Bussan 1995) .
Weed Mixtures and Duration of Competition
The study at Rosemount and St. Paul investigated competitive ability of 16 soybean genotypes with 4 weed levels and durations. Herbicide applications varied the weed pressure that competed with soybean. At St. Paul, grass weeds were < 5% of the weed biomass. Weed species present were pigweed spp., common lambsquarters, and Canada thistle (data not presented). The mean weed biomass was 1,300, 2,700, and 2,900 kg ha-1 for 2 WAP herbicide applications, 4 WAP herbicide applications, and no control, respectively. At Rosemount, weed species included giant foxtail, yellow foxtail, barnyardgrass, large crabgrass [Digitaria sanguinalis (L.) Scop. DIGSA], pigweed spp., common lambsquarters, and velvetleaf. Mean weed biomass was 2,600, 2,700, and 5,000 kg ha-1 for 2 WAP herbicide applications, 4 WAP herbicide applications, and no control, respectively. Higher weed biomass at Rosemount compared to St. Paul resulted from more competitive weeds, based on the weed species results presented earlier.
Significant location by soybean genotype and weed treatment by soybean genotype interactions occurred in weed biomass and soybean yield (Tables 4 and 5 ). This indicates that soybean genotypes varied in their relative competitive ability when grown under 4 weed treatments. However, soybean yield at St. Paul showed no soybean genotype by weedtreatment interaction (Table 6 ). There was lower weed pressure at St. Paul than at Rosemount, resulting in less yield reduction. As a result, yield ranking of soybean genotypes did not differ across weed treatments. Parker, Sturdy, and M89-794 were highly competitive, high-yielding genotypes that suppressed weed biomass most at both locations (Table 4 ). M89-794 had high soybean yield at St. Paul and under all 4 weed treatments at Rosemount (Tables 5 and 6 ). Parker and Sturdy yielded with the best genotypes at St. Paul and in the weed-free and no-weed control treatments at Rosemount. Genotypes M88-250 and M90-1682 were somewhat tolerant to weed competition, as they yielded well with high weed biomass (Tables 4, 5, and 6). Lambert produced high yields at St. Paul (Table 6 ), but it also allowed high weed biomass production at both locations in the four WAP applications and no-weed control treatments (Table 4) . Archer, Ozzie, M89-1743, and M89-1006 yielded poorly under all weed treatments (Tables 5  and 6 ) and were poor competitors that did not suppress weed biomass production in the 4 WAP herbicide applications and no-weed control treatments at both locations (Table 4).
No consistent relationship existed between soybean canopy area and weed competitiveness. The poor relationship could be due to the large variation described earlier. The parameters measured do not easily relate to weed competitiveness and should not be used to select for weed competitive soybean varieties in the field.
Soybean genotype by weed-treatmenlt interactions in weed competitiveness occurred in both field studies. The interactions indicate that some soybean genotypes are more competitive under different weed conditions. Parker, Sturdy, and M89-794 had high yields in all weedy and weed-free 
